To measure C-reactive protein (CRP) and interleukin-6 (IL-6) levels in 30 patients with open fractures and correlate the levels with infection. Methods. 29 men and one woman aged 9 to 70 (mean, 37) years presented with open fractures of the upper or lower extremity within 12 hours of injury and underwent debridement and external fixation 3 to 40 (mean, 16) hours after injury. Serum CRP and IL-6 concentrations were measured preoperatively and on postoperative days 2 and 4. CRP was measured using latex agglutination and nephelometry, and IL-6 by enzyme-linked immunosorbent assay. The mean CRP and IL-6 levels in infected and non-infected patients were compared. The trend of CRP and IL-6 levels within the infected group was analysed. Correlations between CRP and infection, and between IL-6 and infection were analysed. results. 11 of the 30 patients developed wound infection. The day-2 CRP levels of 30 patients were positive (range, 7-28 µg/ml). In 27 patients, the CRP levels were higher on day 2 than preoperation. On day 4, CRP levels declined sharply in patients without infection (mean, 8 µg/ml) but were persistently elevated in patients with infection (mean, 17 μg/ml). The sensitivity and specificity of the CRP test were 100% and 42%, respectively. In the 11 patients with infection, the IL-6 concentrations were elevated at day 2 (mean, 689 pg/ml) and decreased progressively at day 4 (mean, 175 pg/ml). The sensitivity and specificity of the IL-6 test were 90% and 100%, respectively. Infection correlated with CRP and IL-6 levels. conclusions. Serial serum measurements of IL-6 and CRP levels help in the early diagnosis of infections after open fractures before they are clinically evident.
(fever, tachycardia, elevated white blood cell count and erythrocyte sedimentation rate [ESR] ) are indistinguishable from the effects of the surgery itself. C-reactive protein (CRP) is one of the fastest reacting acute phase proteins and therefore a useful marker for the early diagnosis of infection; bacterial infections best stimulate CRP elevation, which is more specific than clinical signs alone. With no infection, CRP levels begin to decline hours after uncomplicated surgery. CRP levels increase 4 to 6 hours post trauma and peak after 24 to 48 hours and return to baseline on day 3. The effects of surgery and trauma on CRP levels are additive. Persistent elevation of CRP levels beyond postoperative day 3 is therefore indicative of sepsis/infection.
Interleukin-6 (IL-6) is one of the earliest mediators of the physiological short-term phase reactants to injury. Excessive and prolonged elevations are associated with infection. IL-6 levels increase rapidly within 12 hours after trauma and remain so for 24 hours, and then decrease over the next 24 hours. Persistently elevated IL-6 levels 24 to 72 hours after surgery are indicative of infections. The rapid normalisation of IL-6 levels can be used to refute the suspicion of infection. We measured the CRP and IL-6 levels in 30 patients with open fractures and correlated the levels with infection.
Materials and Methods
Between August 2005 and July 2007, 29 men and one woman aged 9 to 70 (mean, 37) years presented with open fractures of the upper or lower extremity within 12 hours of injury and underwent debridement and external fixation 3 to 40 (mean, 16) hours after injury. Care was taken to exclude patients with urinary tract infections, myocardial infarction, pneumonia, and other clinically detectable infections. Informed consent from each patient was obtained, and the study was approved by the institute's ethics committee.
All patients received perioperative antibiotic prophylaxis with crystalline penicillin, gentamicin, and metronidazole. Standard radiographs of the involved extremity were taken. Blood samples were obtained to determine serum CRP and IL-6 levels, and wound swabs to detect aerobic pyogenic organisms. Any discharge from the wound and increase in body temperature were noted, as was the wound status (local warmth, tenderness, and induration). Blood samples were collected from a peripheral vein on the day of admission and on postoperative days 2 and 4. For CRP measurement, blood samples were kept at room temperature and processed within 12 hours using the latex agglutination method, which is a qualitative and semi-quantitative assay. A CRP concentration of ≥7 μg/ml was considered positive as indicated by the presence of agglutination. In only 20 of the patients, the CRP level was also measured using nephelometry, owing to the lack of reagents. For IL-6 measurement, blood samples were centrifuged and serum separated and stored in vials at -20ºC. The 90 blood samples were then tested using enzyme-linked immunosorbent assay. A calibrator curve was drawn by plotting the IL-6 concentrations of the calibrators on the horizontal axis and the corresponding absorbance on the vertical axis.
Patients were followed up in the ward for a week. The diagnosis of infection was based on the presence of discharge, fever, local induration, gaping of the wound, and culture of wound swabs.
The mean CRP and IL-6 levels in infected and noninfected patients were compared using the unequal sample size t test. The trends of CRP and IL-6 levels in the infected patients were analysed using repeated measures ANOVA. Correlations between infection and CRP levels and between infection and IL-6 levels were analysed using the Spearman rank order test. A p value of <0.05 was considered statistically significant. Infection status was quantified by assigning scores to clinical signs (fever=10, wound discharge=40, swab culture=50), with the maximum being 100. results 11 of the 30 patients developed wound infections, whereas none of them acquired any other nosocomial infection. The CRP levels ranged from 7 to 21 μg/ml preoperatively and 7 to 28 μg/ml on day 2. In 27 of the 30 patients, the CRP levels were higher on day 2 than preoperatively. On day 4, the CRP concentrations had declined sharply (mean, 8 μg/ml; range, <7-14 μg/ml) in the 19 patients without infection, except in one whose level remained unchanged (21 μg/ml). In contrast, in the 11 patients with infection, the CRP concentrations on day 4 was persistently elevated (mean, 17 μg/ml; range, 7-28). On day 4, 22 patients had positive CRP concentration (≥7 μg/ml), but only 11 of them had local infection. Thus, the sensitivity and specificity of CRP were 100% and 42%, respectively. CRP measurement by nephelometry was performed for 7 patients with infection and 13 patients without infection. The level increased on day 2 in all patients (range, 21-336 mg/l). On day 4, the CRP concentrations remained elevated in patients with infection, whereas in patients without infection the concentrations dropped. Using repeated measures ANOVA, in the infected patient group, the difference in CRP levels was significant between preoperation and day 2 (p=0.04) and between preoperation and day 4 (p=0.001) but was not significant between day 2 and day 4 (p=0.210). This indicated that CRP levels were persistently elevated from days 2 to 4. In the non-infected patient group, the difference in CRP levels was significant between preoperation and day 2 (p<0.001) and between day 2 and day 4 (p<0.001). This indicated that the CRP levels dropped since day 2. The correlation between CRP levels and infection was significant (r s =0.83). The difference in CRP levels on day 4 between infected and non-infected patients was significant (p<0.001 both by latex agglutination and nephelometry, unpaired sample size t test).
For IL-6 concentration, the normal reference range was 12 to 92 pg/ml. Its preoperative range was 28 to 5100 pg/ml. On day 2, in 19 patients without infection, the IL-6 concentration had decreased (mean, 145 pg/ml; range, 12-820 pg/ml), whereas in 11 patients with infection, concentrations were elevated (mean, 690 pg/ml; range, 109-4650 pg/ml). On day 4, the concentrations progressively decreased in patients without infection (mean, 52 pg/ml; range, 12-92 pg/ml) and in patients with infection (mean, 175 pg/ml; range, 33-420 pg/ml). In 10 (33%) of the patients, IL-6 concentrations were higher on day 2 
mean preoperative CRP by nephelometry was 9 mg/l, which was lower than that in our patients (32 mg/l), probably because in the latter the fractures were open and more severe. The starting value is not as important as the magnitude of the postoperative alteration. In our study, the mean CRP levels by nephelometry differed significantly between groups, but those obtained by latex agglutination did not. However, CRP measurement by nephelometry was not performed for all patients owing to the lack of reagents. This could be the reason for the significant difference in the mean CRP levels between groups. The CRP concentration increases on day 2 after elective orthopaedic procedures 4 and 48 to 96 hours after cardiac and gastro-intestinal operations. 5 Studies have reported that CRP levels decline sharply from day 3 in subjects without infection and progressively increase in patients with infection, which is a feature consistent with sepsis. 2, 4, 6, 7 The role of the CRP level in closed fractures and arthroplasty has been discussed. 7, 8 The effects of trauma and surgery seem to be additive. Hence, in our patients preoperative CRP concentration was higher than that in other studies. IL-6 is a pleiotropic cytokine that functions as a proinflammatory and anti-inflammatory molecule. It is produced by stimulated macrophages and monocytes when tissue is injured. 9 The normal serum IL-6 level is 1 pg/ml. 10, 11 Serum IL-6 level can be a marker of inflammation associated with trauma, sepsis, and increases after major cardiac and abdominal surgery. [12] [13] [14] [15] IL-6 concentration may be a superior indicator of postoperative infection, as it increases more rapidly and returns to normal more quickly than CRP or the erythrocyte sedimentation rate. 16 IL-6 levels peak in the first 6 to 12 hours after surgery and fall back to baseline by 48-72 hours after surgery, whereas the serum CRP and ESR typically remain elevated over this timespan. Elevated IL-6 levels at 24 to 72 hours after surgery are indicative of postoperative infection. 17, 18 The effects of surgery and infection on the IL-6 concentration are additive. In a study of knee and hip arthroplasty, 9 the preoperative IL-6 level was defined as <10 pg/ml, whereas the basal IL-6 concentration was defined as 12.5 (range, 5.4-19.6) pg/ml. In our study, the abnormally high preoperative IL-6 levels in 3 patients were due to delay in sampling (8 to 11 hours after injury); notably, IL-6 levels peak at 12 hours after trauma. Our findings were comparable to other studies in which 48 hours after major surgery patients with infection had higher plasma IL-6 concentrations than those who were not infected (p<0.05). 9, 19, 20 After cardiac surgery, IL-6 levels in infected and non-infected patients showed corresponding decreases from their day 2 levels. 21 In our study, bacterial growth on culture of the discharge and clinical features of wound infection were the gold standard of infection. All 11 infected patients showed local induration, warmth, and gaping after primary wound closure. When the wound was left open, a bacteriologically confirmed discharge from the wound was present on day 6. In patients with infection, the CRP and IL-6 levels peaked on days 4 and 2, respectively, which was well before clinical evidence of infection. The acute phase response is greater in patients with postoperative infection. Persistent elevation of CRP on day 4 and IL-6 on day 2 correlated with clinically detected infection. Due to quicker return to baseline levels and increased sensitivity and specificity, IL-6 may be a more accurate marker than CRP for the detection of infection. Both CRP and IL-6 were excellent diagnostic tests for early detection of infection, particularly insidious infections that may not have been clinically evident. Careful administration of these tests with clinical correlation may help to ensure that each patient with infection after open fracture is managed with the most appropriate therapeutic regimen.
